ABSTRACT
INTRODUCTION
The role of Agriculture in economic development has been recognized over the years and more importantly, the adoption of new technologies designed to enhance farm output and income has received particular attention as means to furthering economic development (Olayiwola, 2013) . Output growths are however not only determined by technological innovations but also by the efficiency with which available technologies are used (Bravo-Ureta and Pinheiro 1993). As aptly posited by Rahji and Omotesho (2006) the production efficiency of any investment, particularly in the agricultural sector, is important for sustainability. They further submitted that the efficiency with
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which farmers use available resource and improved technologies is important in production, more so that the demand for food is increasing due to population increase.
Fish consumption, differs among countries, within countries and among segments of societies.
These differences reflect inter-alia consumer preferences, availability, product developments, prices and levels of disposable income. The driving force behind the enormous surge in the consumption of fish is a combination of population growth, rising incomes, health issue, increasing awareness and urbanization (World Bank, 2010) . Three primary sources of fish are available to consumers in Nigeria. These are inland waters stock, cultured fish production and fish importation.
Statistical data (CBN, 2011) reveal that the overall yield from inland waters fish production in Nigeria has over the last decade increased at the rate of 14.76% per annum; open water fish production has also increased by 8.17% per annum and catches from closed water have risen by 6.5% per annum (FMARD, 2011) . Furthermore, the Federal Department of Fisheries (FMARD 2011) puts the total Inland Aquaculture production at 152,796 metric tonnes and total annual capture fish production at 541,368 metric tonnes. This puts Nigeria on the frontline in terms of Aquaculture production in the continent. There was no much difference in domestic fish production in years 2006 and 2007. But in years 2008 and 2009 total domestic fish production rose to 684,575 MT and 780,704 metric tons respectively (FMARD 2011). However, domestic national demand is put at about 1.5 million metric tonnes. There is thus a shortfall of about 700,000 to 900, 000 metric tonnes (FMARD 2011) .. The resultant effect of this shortfall is the importation of about 937,428 MT of fish. This amounts to more than $400 million being spent and of course, thousands of job opportunities lost to exportation. With increasing population and diminishing returns in the capture fisheries, there has been a shortfall in the available fish stock, necessary to meet the local consumption's demand (FAO, 2010) . The fishery sub-sector is one of the agricultural sectors which by all means has not been given the desired priority and which by all standards is capable of bridging the gap in the daily protein dietary needs of a constantly growing population. Nigeria's per capita daily protein intake is estimated to be 45.4 g as against the FAO minimum 53.8g (Iyangbe and Orewa, 2009 ) Hence, this study on the efficiency and productivity of cultured fish farms in Nigeria, will no doubt show the magnitude of gains that could be obtained by improving performance in production. The study stands to provide empirical measures of efficiency that will help in the reduction of the production cost in Kwara State of Nigeria (Kwara MANR, 2012) In the light of the fore-going, this study sought to provide answers to Agrosearch (2015) 15 No. 2 the following research questions: · Are the emerging cultured fish farms technically efficient? · How cost efficient is cultured fish production in the study area? · What is the long-run cost elasticity of cultured fish production?
Objective of study 1 estimate the technical efficiency of cultured fish farms in the study area 2 determine the cost efficiency in cultured fish production in the study area 3 determine the long-run total cost elasticity of cultured fish production in the study area.
Theoretical Framework
The framework for the study is developed from interplay of the theory of agricultural production and efficiency in cultured fish production. According to Khandaker (1998) , efficiency is a very important factor of productivity growth. In an economy where resources are scarce and opportunities for new technologies are lacking, inefficiency studies will show that it is possible to raise productivity by improving efficiency without increasing the resource base or developing new technology. It also helps determine the under-utilization or over utilization of factor inputs. Schmidt (1986) asserted that a production function can be estimated from observed outputs and the level of inputs used and defines the average level of outputs for a given set of inputs. Production functions are used in the cases of individual firms for estimating relative contribution of factors of production, including Cobb-Douglas production function, Squires (1987) . Farrell's measure of efficiency assumed the existence of an efficient production function with which the observed performance of a firm could be compared. A production function based on the "best" practical results would have to be used as a reference for measuring an individual firm's performance. Hence, for practical purposes, Farrel (1957) Data Collection: The data used in the study were obtained from primary sources. Data were collected using a structured-questionnaire. This questionnaire was pre-tested between June and December, 2011 for appropriateness, revised according to the feedback from the pre-testing, finalized and was thereafter re-administered to the respondents between June and December, 2012
Sampling Procedure The target population for this study was the cultured fish farmers available to the Ministry of Agriculture, Kwara State. The study employed a random sampling procedure to select the respondents for this study. Thus a population size comprising 121 fish farmers was arrived at for the study area. A table of random numbers was used to select a pre-determined number 63 cultured fish farmers.
Analytical Techniques
The data collected for the study were analyzed using the Stochastic Frontier Production function and descriptive statistical analysis which involved the use of frequency distribution and percentages. The Efficiency Analysis for Cultured fish farms The implicit model employed for this study is shown as follow: ………………………………(1) (Battese and Coelli, 1995) th th
Where is the production of the i farm, is a vector of inputs used by the i farm, is a vector of unknown parameters, is a random variable which is assumed to be independently and identically 2 distributed (iid) N ~ (0, ) and independent of and is a random variable that is assumed to v account for technical inefficiency in production, Battese and Coelli (1995) The Stochastic Frontier Production function using the Cobb -Douglas functional form was used to determine the production function in this study. This functional form has been used in other empirical studies (Izekor and Alufohai, 2014; Nosiru, Rahji, Ikpi and Adenegan, 2014; Akanbi, Omotesho, and Ayinde, 2011) to assess technical efficiencies. The production function model was explicitly specified in its linear form as: The maximum likelihood estimation of the stochastic production function provides estimators for β's 2 2 2 2 2 variance parameters (σ = σu + σv ), gamma (γ), which is equal to σu / σ , and lambda (λ) = σu / σv.
The parameter gamma (γ) has a value between zero and one (Battese and Tessama, 1993) .
According to Battese and Corra (1977) , gamma (γ) is the total output made on the frontier function which is attributed to technical efficiency. Similarly, (1-γ) measures the technical inefficiency of the firms. The parameter lambda (λ) is expected to be greater than one. Such a result according to Tadesse and Krishnamoorty (1997) indicates a good fit for the model and the correctness of the specified distributional assumptions for V and U. The distribution of the inefficiency term is very i i important to the estimation of the models. These are of three types: -The half-normal distribution, -The exponential distribution, and -The truncated-normal distribution. In most analyses, the half-normal distribution was found to out-perform the other two distributions. In this study, experimentation with the data set indicated that the half-normal distribution model best fit the data set. This distribution was therefore adopted in the subsequent analysis.
Returns to Scale and Cost Efficiency
The presence of economies of scale is computed as an inverse of the co-efficient of cost elasticities of production. The empirical implications of these relationships are -If RTS> 1, production is in the zone of increasing returns to scale, cost inefficiency and TCEP< 1. A rational producer and profit maximize will try to increase output up to the optimum level. -If RTS= 1, at this point production is characterized by constant returns to scale, cost efficiency and TCEP = 1. Output is at optimum and the long run profit is maximized.
-If RTS<1, production is in the zone of decreasing returns to scale, cost inefficiency and TCEP> 1. A rational producer and profit maximize will try to decrease output up to the optimum level. This exposition sheds light on the relevant relationships associating the different concepts in cultured fish production and providing insights into the theoretical and empirical deductions that can be made from the results of this study. It will essentially help in the quantification of the long run total cost elasticity and the possible interpretation inherent in the findings of this study. The value additions of some of the frameworks covered in this study are that:
-Cultured fish stochastic frontier production functions could be characterized on the basis of their RTS values into one of increasing, constant and decreasing RTS. -Cultured fish production systems could be characterized by the nature of their long run average cost (LAC) curve as operating within the decreasing or increasing zones.
-Cultured fish production in the areas of study could be categorized on the basis of cost efficiency or inefficiency, and that Cultured fish production could be characterized by its Akanbi long run total cost elasticity of production with implications for resource-use efficiency, optimum output attainment and profit maximization objective. In the short run, a farm/firm is handicapped by the fact that some of the inputs are fixed. In the long run, however, the firm has no such problem. It can expand or contract its output according to demand by having more or less of all the factors of production. The Cobb-Douglas production function as specified in this study depicts the long-run situation. Cost efficiency from TE = AE x EE Stochastic frontier function in the short run 1.
2. But EE generated from SFCF.
AE CE
All the factors are freely variable. As the firm expands, the nature of output and cost of production is influenced by the law of returns to scale (Sundharam and Vaish, 1979) . The average and marginal output in the long-run will rise and reach a maximum point and then decline. Correspondingly, the average cost and marginal cost of production in the long-run will slope downwards; reach a minimum point and then rise. It is important to note that in the long-run, the distinction between fixed and variable cost do not hold, as all costs are variable.
RESULTS AND DISCUSSION
The socio-economic characteristics of fish farmers are presented in the attached Table 1 . Of the cultured fish farmers sampled, 82.5% were male 100% had formal education and 87.3% were married; fish farming appear to be a male dominated activity in the study area. This is similar to the findings of Fijeka, et al., (2007 ), Esu, et al., (2009 . The latter in their study found that fish farming The maximum likelihood estimates of the parameters of the frontier models for the cultured fish farms are presented in table 2. The table shows the estimates of regression and variance parameters. The estimate of λ was 2.2594 and this value was significantly different from zero, indicating a good fit and correctness of the required distributional assumptions. 
1.7652
Note: Asterisks indicate significance. *** Significant at 1% Level. ** Significant at 5% Level.* significant at 10% level.
The estimate of γ which is the ratio of the variance of farm specific technical efficiency to the total variance of output was 0.8363. The parameter estimates for size of pond, quantity of feed fingerlings and equipment are significant at 1% level. The co-efficient of labour was significant at 5% level. All the estimated production function parameters were statistically significant in the study area. Labour however presented negative sign contrary to a priori expectations. In the cultured fish farms assessed, Labour was required for feeding (50% on the average), fertilizing, maintenance, stocking and harvesting. Most fish farms visited operated majorly through a combination of labour sources which often include the owner, one hired staff (in some cases) and a few other immediate family members whose labour contributions, when pooled together, suggests that labour could have been over utilized. Ogunfowora et al., (1974) suggested that over utilization of labour could be responsible for the resulting negative coefficient observed in Maximum Likelihood Estimates. This scenario he referred to as disguised unemployment. Similar results, showing negative signs for labour, were also obtained by Rahji and Falusi (2003) , Adewumi et al., (2003) , Sekhon et al.,(2010) , Onoja and Achike (2011) , Akanbi et al., (2011 ), Olayiwola (2013 and Jatto et al., (2013) . Like Ogunfowora et al., (1974) , the reasons generally adduced for this phenomenon by these researchers were that the labour input resource was over utilized . The estimated γ values presented in table 2 indicates that the difference between observed output and frontier output was due to statistical noise/variability. The table shows 0.8362 (i.e. 83.62%) and 0.1638 (i.e. 16.38%) for technical efficiency and inefficiency level respectively for the assessed farms. The parameter lambda (λ) is expected to be greater that one. Such a result according to Tadesse and Krishnamoorty (1997) indicates a good fit for the model and the correctness of the specified distributional assumptions for V and U. As a result, lambda (λ) cannot be less or equal to i i one. However, if lambda (λ) is equal to one then gamma (γ) is equal to 50. It is thus only reasonable to start gamma (γ) at 51 for values of lambda (λ) greater than one. This is more so as gamma (γ) is the same thing as Technical Efficiency. This consideration informed the use of the class intervals in the distribution of the technical efficiency scores as presented in table 3.
With a higher frequency of the assessed cultured fish farms operating between 81 and 85% technical efficiency levels, all that is now needed is to increase the scale of production as this will tend to translate to more fish output than. Assessing the economies of scale among the cultured fish farms was computed as inverse of cost elasticities with respect to fish output.The results indicated that cultured fish production process in the study area is in the zone of increasing returns. The implications of these findings are that; -The optimum pond size or scale of production has not been attained. This indicates the need for expansion or increase in the scale of operation of the fish farms. Increasing the scale of operation will tend to translate to more fish output and a reduction in the demandsupply gap for this is one of the problems solving focus of this study. It could lead to a decline in fish importation ceteris paribus. -The production process is not characterized by cost efficiency. To improve cost efficiency, expansion of fish output to the point of constant returns to scale is required. Table 4 also indicates that the Total Cost Elasticities of Production (TCEP) values are all less than one.
Hence, a major finding of this study is that cultured fish production in the study area is characterized by long run total cost elasticity of production of less than one in all cases. The empirical implications of such a finding are that resource use efficiency, optimum output level and profit maximization objective of production are not attained by the production systems. This outcome calls for re-allocation or resource adjustments in cultured fish production in the study area. 
CONCLUSION AND RECOMMENDATIONS
Cultured fish farming potentials in Kwara state has not been fully exploited. Though the farms assessed operated with mean Technical Efficiency (TE) of 83.62%, yet the production process is not characterized by cost efficiency. Consequently, this study came up with the following recommendations that can be of help in improving upon cultured fish production in the study area: To improve cost efficiency, the re-allocation or resource adjustment and expansion of fish output to the point of constant return to scale in culture fish production in the study area is required. Increasing the scale of operation will tend to translate to more fish output and a reduction in the demand-supply gap for this is one of the problems solving focus of this study. It could lead to a decline in fish importation ceteris paribus. The study recommend that the government should also facilitate a policy of cost reduction in terms of the cost of inputs. A reduction in costs may lead to an increased output and thereby reducing the supply-demand gap for fish in the state.
, the fish farmers should be provided with the services of well-trained extension workers who will be there to guide them appropriately on production best practices to enable farmers improve upon farm efficiency. 
In addition

Akanbi
